INTRODUCTION
Amongst the three modes of gear failure, scoring 1s known to be the most troublesome 1n high speed case hardened gearing. Experimental evidence [1] has shown that a sudden surge of the flash temperature of the gear takes place at the onset of scoring. Because of the Interdependence of the flash and bulk temperatures of the gear, an accurate prediction of the latter 1s highly desirable. Recently 1n Refs. 1 to 3 a finite element approach has been successfully applied to the estimation of bulk temperatures of a pair of meshing gears at steady state operation. The temperature distribution within each tooth 1s assumed to be Identical and all transient effects are neglected. A variety of models were used to approximate the convectlve heat transfer coefficients within the elastohydrodyanmlc film attached to the tooth profile. The effects of oil Jet cooling and oil Jet Impingement depth were Included 1n Refs. 1 and 3.
Because of the highly transient nature of thermal behavior at the onset of scoring a transient thermal analysis of the meshing gears would be extremely useful. Furthermore since the heat transfer coefficients, as will be shown 1n the text, are themselves time dependent functions, a steady state approach could not be used without major averaging approximations.
The Intent of this paper 1s to describe a computer analysis procedure for the transient thermal analysis of spur gears using the finite element method.
The finite element equations are derived using the well known Galerkln or weighted residual approach as explained 1n detail 1n Ref. 4 . The heat flux Input generated due to friction between the meshing gears 1s derived as a time dependent function unlike the heat flux used 1n the steady state solutions of Refs. 1 to 3. Two separate models have been programmed Into the computer code for approximating the convectlve heat transfer process within the cooling film. 6(x, y, z, t) = I lyx, y, z) e^t) = N e (4) where N. are the spatial shape functions chosen as [2] The Galerkln principle yields the following first order equation 
Derivation of Time Dependent Fr1ct1onal Heat Input
The steady-state heat flux Input generated 1n friction between the two meshing gears was derived 1n [1] as:
where the subscript 1 refers to the Instantaneous point of contact along the tooth profile. Because the analysis 1n [1] was restricted to steady state running, the heat flux along the entire tooth profile was simultaneously applied. In the present transient analysis, the Instantaneous flux q. at a time Instant t. 1s therefore given as
where 6. 1s the D1rac delta function and q, 1s given by Eq. (13).
The computer program 1s designed to calculate, 1f and when the two gears are 1n contact, the corresponding roll angle measured from the beginning of engagement at the outer tip of gear and the corresponding radius of curvature P I . No heat Input 1s generated beyond the lowest point of contact until the next time the tooth under consideration 1s engaged.
Convectlve Heat Transfer Models
At the present time two basic options are available 1n the program. The first enables the user to use constant heat transfer coefficients Individualized 1n the manner described 1n [1] . These are presumably derived experimentally and averaged out over the expected temperature range of the gear tooth.
In this model no convectlve heat dissipation 1s assumed to take place beyond the fling-off angle and until the tooth 1s reengaged. (16) where K 1s the thermal conductivity of the oil. Again 1n this model no heat dissipation 1s assumed to take place beyond the fling off angle and until the tooth 1s reengaged.
The amount of heat flux dissipated 1n convection 1s given by q Q = hA AT (17) where h may be assigned fixed values, while the tooth Is being cooled, or the program 1s Instructed to calculate the current value of h from Eq. (16).
RESULTS AND DISCUSSION
The recurrence formula of Eq. (11) above constitutes a set of nonhomogeneous algebraic equations for the dlmenslonless temperature array 6 , at a ***n +1 time node n+1 1n terms of the temperature array 6 at the preceding timẽ n node n and the dlmenslonless heat flux array P. It should be noted that the Indicates no significant change with the additional cooling from the top land.
One may therefore suggest that cooling the top land 1s of little or no benefit 1n reducing the bulk temperature of the gear. More study 1s required before this will be conclusive. The maximum temperature rise during the first engagement cycle for this case 1s found to be 14.03° C.
The remaining two cases consider the addition of cooling to the coast side of the tooth as well as the transverse planes of the gear. Because the transient heat transfer formula, Eq. (16) 1s Independent of temperature (except Implicitly through the thermal conductivity k and d1ffus1v1ty a), the Instantaneous heat transfer coefficients used for all regions of the tooth are Identical. Although this 1s far removed from practice, 1t 1s Interesting to note the significant drop 1n temperature as a result of cooling the ends and coast sides of the tooth. The maximum temperature rise 1s only a fraction of that computed for cases 1 to 3. The temperature contours are now continuously crowded around the contact point with most of the tooth remaining at the Initial temperature. 10 An attempt was made to modify the heat transfer coefficients by multiplying them by a correction factor proportional to the steady state heat transfer coefficients, I.e., H x.6/13, H. x 3/13, H n x 13/13 and H.. 
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Figure 8. -Variation of maximum temperature rise with pinion rotation angle and time.
